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Equilibrium-charge diagram of single quantum dot in an axial magnetic field
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The chemical potential of a quantum dot parabolically confining one or two electrons is studied
in an axial magnetic field. The number of electrons in the dot is given by combination between the
chemical potentials of the dots and leads. The equilibrium-charge diagram of the dot is obtained in
the phase space determined by the magnetic field and the lead voltage. The influence of the magnetic
field on the electron number and the electron transport is discussed. The dependence of the electron
number on the magnetic fields and the lead voltage is clear at a glance in the equilibrium-charge
diagram. Moreover, the diagram is a compact tool to show the condition of the electron transport.
I. INTRODUCTION
One quantum dot and two coupled quantum dots con-
taining two conduction electrons define two-dimensional
analogies to the H atom and the H2 molecule. Such
devices may serve as building blocks for future quan-
tum processors1,2,3,4. Recent advances in experimental
techniques have made it possible to study quantum dots
in the few-electron regime when quantum dots contain
only one or two conduction electrons5,6. Based on the
exact-diagonalization method, it was shown that the two-
electron ground state exhibits a phase transition from a
singlet to a triplet state due to interactions7,8. The elec-
tronic structure of a laterally coupled two-electron quan-
tum dot molecule is computed for different confinement
strengths and for varying inter-dot separations in exter-
nal magnetic fields9. The stability diagram of a one-
and two-electron quantum dot was calculated for larger
inter-dot separations in a related exponential double-well
potential10. In theses studies, the number of electrons in
quantum dots and whether tunnel resonance occurs are
determined by combination between the chemical poten-
tials of dots and leads, and the chemical potentials of
quantum dots can be adjusted by modulating gate volt-
ages. Meanwhile, external magnetic fields are frequently
applied to control the electronic states and spins of quan-
tum dots7, but whether the number of electrons in quan-
tum dots is changed unexpectedly by magnetic fields has
been studied to a lesser extent. To analyze the depen-
dence of chemical potentials on magnetic fields allows one
to estimate the effect of magnetic fields on the number
of electrons in quantum dots.
In the paper, we numerically compute the chemical po-
tential of single quantum dot parabolically confining one
or two electrons in an axial magnetic field. One- and two-
electron Schro¨dinger equations are solved by exact diag-
onalization to obtain the chemical potentials as functions
of the magnetic field. The number of electrons in the dot
is given by combination between the chemical potential
of the dot and leads. The equilibrium-charge diagram of
the dot is obtained in the phase space determined by the
magnetic field and the lead voltage. The dependence of
the electron number on the magnetic fields and the lead
voltage is clear at a glance in the equilibrium-charge dia-
gram. Meanwhile, the diagram is a compact tool to show
the condition of the electron transport. The result helps
to control the electron number of single quantum dot in
external magnetic field and to use single quantum dot as
a magnetic electron-transport switch.
II. MODEL
The number of electrons in a quantum dot is deter-
mined from the condition that the chemical potential
of the dot is less than that of the leads (left and right
leads)5. The linear regime of conductance is considered,
implying µL − µR ≈ 0, where µL and µR are the chem-
ical potentials of the left and right leads. The chemical
potential of a quantum dot µ(N) is defined as:5
µ(N) = EG(N)− EG(N − 1), (1)
where EG(N) is the ground state energy of the N elec-
tron state. One- and two-electron Schro¨dinger equations
are solved by exact diagonalization to obtain the ground
state energy. The Hamiltonian describing two electrons
parabolically confined in a two-dimensional quantum dot
is given by
H(r1, r2) = h(r1) + h(r2) + C(r1, r2) +HZ , (2)
C(r1, r2) =
e2
4πǫrǫ0|r1 − r2|
, (3)
HZ = gµB
∑
i
B·Si, (4)
with the single-electron Hamiltonian h(ri) given as
h(r) =
1
2m∗
(p+ eA)2 +
1
2
m∗ω20r
2, (5)
Here, m∗ = 0.067me is the electron effective mass, ǫr =
12.4 is the dielectric constant, g = −0.44 is the g-factor
in GaAs, µB is the Bohr magneton,A =
1
2
[−By,Bx, 0] is
the vector potential for the magnetic field B oriented per-
pendicular to the xy plane and the confinement strength
~ω0 = 3.0 meV. The calculation is performed at the fi-
nite magnetic field strength (0∽6 T), which is the typical
strength used in qubit operations.
2The single-electron Hamiltonian Eq. (5) and the two-
electron Hamiltonian Eq. (2) are diagonalized numeri-
cally to obtain the ground state eigenvalues which are
used to compute the chemical potentials µ(1) and µ(2)
according to Eq. (1) [note that EG(0) ≡ 0]. Throughout
the work, the lowest 8 two-dimensional harmonic states
have been used as the set of basis wave functions and the
convergence has been checked.
III. CHEMICAL POTENTIAL OF SINGLE
QUANTUM DOT
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FIG. 1: The solid lines are six lowest single-electron energy
levels as functions of the magnetic field, and the dotted ones
are six lowest two-electron energy levels as functions of the
magnetic field. The single-electron levels in a parabolic dot
are well-known Fock-Darwin levels11.
Fig. 1 displays the dependence of the energy levels
E(1) and E(2) for one and two electrons on the magnetic
field. For the single-electron levels (well-known Fock-
Darwin levels11), at low values of the magnetic field, there
is a hybridization of Landau levels with the levels that
arise from spatial confinement. As the magnetic field be-
comes stronger, the effect of the magnetic field prevails
over that of spatial confinement and thus the levels trend
to the Landau-type levels. For two-electron states, the
electron-electron interaction energy gives a great contri-
bution to the energy of two-electron states7. Here, we
only care the ground states, which determines the chem-
ical potentials of the dot. In contrast to EG(1), the graph
of EG(2) as a function of the magnetic field is not smooth,
which results from the effect of the interaction between
two electron. Based on these analysis, it is easy to explain
that the dependence of the chemical potential of the dot
on the magnetic field (Fig. 2) according to Eq. (1). The
dependence of µ(1) on the magnetic field lies on EG(1)
due to EG(0) ≡ 0. The chemical potential µ(2) increases
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FIG. 2: The chemical potential of the dot µ(1) and µ(2) vs
the magnetic fields B (0∼6 T). The gray zone indicates a gap
of the chemical potential, where the chemical potential of the
quantum dot can not choose a value by adjusting magnetic
fields. The above horizontal line indicates the value of the
chemical potential of the leads at which the schematic dia-
gram in Fig. 3(a) is drawn. The below horizontal line is for
Fig. 3(b)
irregularly as the magnetic field becomes stronger, which
results from the dependence of the difference between
EG(2) and EG(1) on the magnetic field.
In the following, the number of electrons in the dot is
given by analyzing the variation of the chemical potential
with the magnetic field. When the chemical potential of
the leads µlead is between 8 meV and 11.5 meV and are
kept unchanged, µ(2) lows at µlead in absence of magnetic
fields. In this case, two electrons are confined in the dot
(see Fig. 3(a)). As the magnetic field becomes stronger,
µ(2) is equal to µlead at a certain point and a resonant
conductance is found (Fig. 3(a)). The electron trans-
port must satisfy the condition that the chemical poten-
tial µ(2) is between µL and µR. As the magnetic field
becomes strong further, electrons can not enter the dot
from the left lead, and the electron transport is stopped
(Fig. 3(a)). Moreover, one electron in the dot is lost by
the right lead and the number of electrons in the dot is
1.
When µlead is between 8 meV and 11.5 meV, the other
electron in the dot can not be removed by increasing B
up to 6 T . The reason is that there exists a gap in the
chemical potential (see Fig. 2). When µlead is between 3
meV and 6 meV, the number of electrons in the dot can
be changed from 1 to 0 as the magnetic field increases.
In absence of magnetic fields, µ(1) lows at µlead and one
electron is confined in the dot (see Fig. 3(b)). As the
magnetic field becomes stronger, µ(1) is equal to µlead at
a certain point and a resonant conductance is found (Fig.
3(b)). As the magnetic field becomes strong further, the
electron transport is closed and the number of electrons
in the dot becomes 0 (Fig. 3(b)).
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FIG. 3: Schematic diagrams of the chemical potentials in the
dot and leads in the linear regime: (a) displaying the process
of reducing the electron number from 2 to 1 and the electron
transport at the point µ(2) = µL(µR). (b) displaying the
process of reducing the electron number from 1 to 0 and the
electron transport at the point µ(1) = µL(µR).
IV. EQUILIBRIUM-CHARGE DIAGRAM OF
SINGLE QUANTUM DOT
Although the analysis of chemical potentials can ex-
plain physically the influence of magnetic fields on the
electron number, the detailed evolution of the electron
number is not clear at a glance. Moreover, the electron
number is determined by combination between the chem-
ical potentials of the dot and leads. Thus, the electron
number can also be modulate by adjusting the chemical
potential of the leads, which is related to the lead volt-
age Vlead and can be expressed by µlead = −|e|Vlead.
In the background, it is useful to plot a equilibrium-
charge diagram in (B, Vlead)-phase space. In Fig. 4,
the equilibrium-charge diagram of the dot is plotted in
(B, Vlead)-phase space with three domains (the electron
number N = 0, 1, 2). Once provided a certain value (B,
Vlead), one can obtain a certain electron number by the
diagram. The diagram is rather similar to Fig. 2, while
their suggestions are quite distinct from each other. In
fact, The diagram is a transformation of Fig. 2, which
describes the dependence of the chemical potential of the
dot on the magnetic field. The transformation involves
that the xy plane represents the (B, Vlead)-phase space
instead of a functional relation. As a consequence of
the transformation, the lines of the diagram indicate the
the boundaries between the different domains while the
lines present the chemical potential of the dot in Fig. 2.
The change can be explained by the fact that the elec-
tron number is determined by combination between the
chemical potentials of the dot and leads.
In the following, we analyze the evolution of the elec-
tron number in (B, Vlead)-phase space by three typi-
cal examples. In these examples, the electron number
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FIG. 4: The equilibrium-charge diagram of the dot is plotted
in (B, Vlead)-phase space with three domains of the electron
number N = 0, 1, 2. The solid lines indicate the boundaries
between the domains; The dotted lines indicate three different
paths, which is used to show three typical evolution of the
electron number.
changes along three different paths (Fig. 4). As the
magnetic field increases along Path1, the system enter
the domain N = 0 from the domain N = 1, which indi-
cates the electron number is reduced from 1 to 0. In this
process, the voltage of the leads keeps unchanged, thus,
the chemical potential of the leads also keeps unchanged
and the chemical potential of the dot increases, which
corresponds to Fig. 3(b). When Path1 meets with the
boundary between the domains, the chemical potential
of the dot is equal to that of the leads and a resonant
conductance is found. Similarly, as the magnetic field in-
creases along Path2, the system enter the domain N = 1
from the domain N = 2, which indicates the electron
number is reduced from 2 to 1. The chemical potential
of the leads also keeps unchanged and the chemical poten-
tial of the dot increases, which corresponds to Fig. 3(a).
When Path2 meets with the boundary between the do-
mains, the chemical potential of the dot is equal to that
of the leads and a resonant conductance is found. As the
voltage of the leads increases along Path3, the system
enter the domain N = 1 from the domain N = 2 and
then enter the domain N = 0 from the domain N = 1,
which indicates the electron number is reduced from 2
to 1 and then from 1 to 0. In this process, the magnetic
field keeps unchanged, thus, the chemical potential of the
dot also keeps unchanged and the chemical potential of
the lead decreases. Schematic diagrams of the chemi-
cal potentials for this process is given in Fig. 5. Path3
meets two times with the boundaries and thus the elec-
tron transport occurs two times. The three typical path
can represent the revolution of the electron number in
(B, Vlead)-phase space.
The analysis above show that the number of electrons
in the dot can be modulated by adjusting combination
between the magnetic fields and the lead voltage. In
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FIG. 5: Schematic diagrams of the chemical potentials in the
dot and leads in the linear regime: displaying the process of
reducing the number of electrons in the dot from 2 to 1 and
then to 0. The electron transport is turned on at the point
µ(2) = µL(µR) and at the point µ(1) = µL(µR).
general, the electron number decreases as Vlead increases
and decreases as B becomes stronger. The equilibrium-
charge diagram provides the whole evolution of the elec-
tron number in (B, Vlead)-phase space. The result helps
to guide external magnetic field as a tool to modulate
the number of electrons with the aid of the voltage of the
leads. On the other hand, the result helps to avoid that
external magnetic field change unexpectedly the number
of electrons when the magnetic field is used for other
aims. Moreover, the electron transport must satisfy the
condition that the chemical potential of the dot is be-
tween µL and µR and all points on the boundaries be-
tween the domains satisfy this condition, so resonant con-
ductances can be found on the boundaries between the
domains. Thus, the equilibrium-charge diagram is a com-
pact tool to show clearly the condition of the electron
transport. The result helps to control the electron trans-
port by adjusting external magnetic field and helps to
use single quantum dot as a magnetic electron-transport
switch. The transport through the switch is turned on
when the point (B, Vlead) move to the boundaries, and
the transport is turned off when the point (B, Vlead) is
out of the boundaries.
V. CONCLUSION
Usually electron transport properties of quantum dots
is studied by adjusting gate voltages, which corresponds
to the ω0 in Eq. (5). In this paper, the chemical po-
tentials of the dot are modulated by means of adjusting
external magnetic fields, which corresponds to the A in
Eq. (5). The equilibrium-charge diagram of the dot is
obtained in the phase space determined by the magnetic
field and the lead voltage. The dependence of the number
of electrons on the magnetic fields and the lead voltage is
clear at a glance in the equilibrium-charge diagram. The
result shows external magnetic field can be used as a
tool to modulate the number of electrons of single quan-
tum dot with the aid of the voltage of the leads. On
the other hand, the result suggests that the number of
electron can be changed unexpectedly by external mag-
netic field. Moreover, the result shows that the electron
transport through the dot can be controlled by adjust-
ing the magnetic fields with the aid of the voltage of the
leads. The equilibrium-charge diagram is a compact tool
to show clearly the condition of the electron transport,
which helps to use single quantum dot as a magnetic
electron-transport switch.
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The chemical potential of a quantum dot parabolically confining one or two electrons is studied
in an axial magnetic field. The number of electrons in the dot is given by combination between the
chemical potentials of the dots and leads. The equilibrium-charge diagram of the dot is obtained in
the phase space determined by the magnetic field and the lead voltage. The influence of the magnetic
field on the electron number and the electron transport is discussed. The dependence of the electron
number on the magnetic fields and the lead voltage is clear at a glance in the equilibrium-charge
diagram. Moreover, the diagram is a compact tool to show the condition of the electron transport.
I. INTRODUCTION
One quantum dot and two coupled quantum dots con-
taining two conduction electrons define two-dimensional
analogies to the H atom and the H2 molecule. Such
devices may serve as building blocks for future quan-
tum processors1,2,3,4. Recent advances in experimental
techniques have made it possible to study quantum dots
in the few-electron regime when quantum dots contain
only one or two conduction electrons5,6. Based on the
exact-diagonalization method, it was shown that the two-
electron ground state exhibits a phase transition from a
singlet to a triplet state due to interactions7,8. The elec-
tronic structure of a laterally coupled two-electron quan-
tum dot molecule is computed for different confinement
strengths and for varying inter-dot separations in exter-
nal magnetic fields9. The stability diagram of a one-
and two-electron quantum dot was calculated for larger
inter-dot separations in a related exponential double-well
potential10. In theses studies, the number of electrons in
quantum dots and whether tunnel resonance occurs are
determined by combination between the chemical poten-
tials of dots and leads, and the chemical potentials of
quantum dots can be adjusted by modulating gate volt-
ages. Meanwhile, external magnetic fields are frequently
applied to control the electronic states and spins of quan-
tum dots7, but whether the number of electrons in quan-
tum dots is changed unexpectedly by magnetic fields has
been studied to a lesser extent. To analyze the depen-
dence of chemical potentials on magnetic fields allows one
to estimate the effect of magnetic fields on the number
of electrons in quantum dots.
In the paper, we numerically compute the chemical po-
tential of single quantum dot parabolically confining one
or two electrons in an axial magnetic field. One- and two-
electron Schro¨dinger equations are solved by exact diag-
onalization to obtain the chemical potentials as functions
of the magnetic field. The number of electrons in the dot
is given by combination between the chemical potential
of the dot and leads. The equilibrium-charge diagram of
the dot is obtained in the phase space determined by the
magnetic field and the lead voltage. The dependence of
the electron number on the magnetic fields and the lead
voltage is clear at a glance in the equilibrium-charge dia-
gram. Meanwhile, the diagram is a compact tool to show
the condition of the electron transport. The result helps
to control the electron number of single quantum dot in
external magnetic field and to use single quantum dot as
a magnetic electron-transport switch.
II. MODEL
The number of electrons in a quantum dot is deter-
mined from the condition that the chemical potential
of the dot is less than that of the leads (left and right
leads)5. The linear regime of conductance is considered,
implying µL − µR ≈ 0, where µL and µR are the chem-
ical potentials of the left and right leads. The chemical
potential of a quantum dot µ(N) is defined as:5
µ(N) = EG(N)− EG(N − 1), (1)
where EG(N) is the ground state energy of the N elec-
tron state. One- and two-electron Schro¨dinger equations
are solved by exact diagonalization to obtain the ground
state energy. The Hamiltonian describing two electrons
parabolically confined in a two-dimensional quantum dot
is given by
H(r1, r2) = h(r1) + h(r2) + C(r1, r2) +HZ , (2)
C(r1, r2) =
e2
4πǫrǫ0|r1 − r2|
, (3)
HZ = gµB
∑
i
B·Si, (4)
with the single-electron Hamiltonian h(ri) given as
h(r) =
1
2m∗
(p+ eA)2 +
1
2
m∗ω20r
2, (5)
Here, m∗ = 0.067me is the electron effective mass, ǫr =
12.4 is the dielectric constant, g = −0.44 is the g-factor
in GaAs, µB is the Bohr magneton,A =
1
2
[−By,Bx, 0] is
the vector potential for the magnetic field B oriented per-
pendicular to the xy plane and the confinement strength
~ω0 = 3.0 meV. The calculation is performed at the fi-
nite magnetic field strength (0∽6 T), which is the typical
strength used in qubit operations.
2The single-electron Hamiltonian Eq. (5) and the two-
electron Hamiltonian Eq. (2) are diagonalized numeri-
cally to obtain the ground state eigenvalues which are
used to compute the chemical potentials µ(1) and µ(2)
according to Eq. (1) [note that EG(0) ≡ 0]. Throughout
the work, the lowest 8 two-dimensional harmonic states
have been used as the set of basis wave functions and the
convergence has been checked.
III. CHEMICAL POTENTIAL OF SINGLE
QUANTUM DOT
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FIG. 1: The solid lines are six lowest single-electron energy
levels as functions of the magnetic field, and the dotted ones
are six lowest two-electron energy levels as functions of the
magnetic field. The single-electron levels in a parabolic dot
are well-known Fock-Darwin levels11.
Fig. 1 displays the dependence of the energy levels
E(1) and E(2) for one and two electrons on the magnetic
field. For the single-electron levels (well-known Fock-
Darwin levels11), at low values of the magnetic field, there
is a hybridization of Landau levels with the levels that
arise from spatial confinement. As the magnetic field be-
comes stronger, the effect of the magnetic field prevails
over that of spatial confinement and thus the levels trend
to the Landau-type levels. For two-electron states, the
electron-electron interaction energy gives a great contri-
bution to the energy of two-electron states7. Here, we
only care the ground states, which determines the chem-
ical potentials of the dot. In contrast to EG(1), the graph
of EG(2) as a function of the magnetic field is not smooth,
which results from the effect of the interaction between
two electron. Based on these analysis, it is easy to explain
that the dependence of the chemical potential of the dot
on the magnetic field (Fig. 2) according to Eq. (1). The
dependence of µ(1) on the magnetic field lies on EG(1)
due to EG(0) ≡ 0. The chemical potential µ(2) increases
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FIG. 2: The chemical potential of the dot µ(1) and µ(2) vs
the magnetic fields B (0∼6 T). The gray zone indicates a gap
of the chemical potential, where the chemical potential of the
quantum dot can not choose a value by adjusting magnetic
fields. The above horizontal line indicates the value of the
chemical potential of the leads at which the schematic dia-
gram in Fig. 3(a) is drawn. The below horizontal line is for
Fig. 3(b)
irregularly as the magnetic field becomes stronger, which
results from the dependence of the difference between
EG(2) and EG(1) on the magnetic field.
In the following, the number of electrons in the dot is
given by analyzing the variation of the chemical potential
with the magnetic field. When the chemical potential of
the leads µlead is between 8 meV and 11.5 meV and are
kept unchanged, µ(2) lows at µlead in absence of magnetic
fields. In this case, two electrons are confined in the dot
(see Fig. 3(a)). As the magnetic field becomes stronger,
µ(2) is equal to µlead at a certain point and a resonant
conductance is found (Fig. 3(a)). The electron trans-
port must satisfy the condition that the chemical poten-
tial µ(2) is between µL and µR. As the magnetic field
becomes strong further, electrons can not enter the dot
from the left lead, and the electron transport is stopped
(Fig. 3(a)). Moreover, one electron in the dot is lost by
the right lead and the number of electrons in the dot is
1.
When µlead is between 8 meV and 11.5 meV, the other
electron in the dot can not be removed by increasing B
up to 6 T . The reason is that there exists a gap in the
chemical potential (see Fig. 2). When µlead is between 3
meV and 6 meV, the number of electrons in the dot can
be changed from 1 to 0 as the magnetic field increases.
In absence of magnetic fields, µ(1) lows at µlead and one
electron is confined in the dot (see Fig. 3(b)). As the
magnetic field becomes stronger, µ(1) is equal to µlead at
a certain point and a resonant conductance is found (Fig.
3(b)). As the magnetic field becomes strong further, the
electron transport is closed and the number of electrons
in the dot becomes 0 (Fig. 3(b)).
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FIG. 3: Schematic diagrams of the chemical potentials in the
dot and leads in the linear regime: (a) displaying the process
of reducing the electron number from 2 to 1 and the electron
transport at the point µ(2) = µL(µR). (b) displaying the
process of reducing the electron number from 1 to 0 and the
electron transport at the point µ(1) = µL(µR).
IV. EQUILIBRIUM-CHARGE DIAGRAM OF
SINGLE QUANTUM DOT
Although the analysis of chemical potentials can ex-
plain physically the influence of magnetic fields on the
electron number, the detailed evolution of the electron
number is not clear at a glance. Moreover, the electron
number is determined by combination between the chem-
ical potentials of the dot and leads. Thus, the electron
number can also be modulate by adjusting the chemical
potential of the leads, which is related to the lead volt-
age Vlead and can be expressed by µlead = −|e|Vlead.
In the background, it is useful to plot a equilibrium-
charge diagram in (B, Vlead)-phase space. In Fig. 4,
the equilibrium-charge diagram of the dot is plotted in
(B, Vlead)-phase space with three domains (the electron
number N = 0, 1, 2). Once provided a certain value (B,
Vlead), one can obtain a certain electron number by the
diagram. The diagram is rather similar to Fig. 2, while
their suggestions are quite distinct from each other. In
fact, The diagram is a transformation of Fig. 2, which
describes the dependence of the chemical potential of the
dot on the magnetic field. The transformation involves
that the xy plane represents the (B, Vlead)-phase space
instead of a functional relation. As a consequence of
the transformation, the lines of the diagram indicate the
the boundaries between the different domains while the
lines present the chemical potential of the dot in Fig. 2.
The change can be explained by the fact that the elec-
tron number is determined by combination between the
chemical potentials of the dot and leads.
In the following, we analyze the evolution of the elec-
tron number in (B, Vlead)-phase space by three typi-
cal examples. In these examples, the electron number
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FIG. 4: The equilibrium-charge diagram of the dot is plotted
in (B, Vlead)-phase space with three domains of the electron
number N = 0, 1, 2. The solid lines indicate the boundaries
between the domains; The dotted lines indicate three different
paths, which is used to show three typical evolution of the
electron number.
changes along three different paths (Fig. 4). As the
magnetic field increases along Path1, the system enter
the domain N = 0 from the domain N = 1, which indi-
cates the electron number is reduced from 1 to 0. In this
process, the voltage of the leads keeps unchanged, thus,
the chemical potential of the leads also keeps unchanged
and the chemical potential of the dot increases, which
corresponds to Fig. 3(b). When Path1 meets with the
boundary between the domains, the chemical potential
of the dot is equal to that of the leads and a resonant
conductance is found. Similarly, as the magnetic field in-
creases along Path2, the system enter the domain N = 1
from the domain N = 2, which indicates the electron
number is reduced from 2 to 1. The chemical potential
of the leads also keeps unchanged and the chemical poten-
tial of the dot increases, which corresponds to Fig. 3(a).
When Path2 meets with the boundary between the do-
mains, the chemical potential of the dot is equal to that
of the leads and a resonant conductance is found. As the
voltage of the leads increases along Path3, the system
enter the domain N = 1 from the domain N = 2 and
then enter the domain N = 0 from the domain N = 1,
which indicates the electron number is reduced from 2
to 1 and then from 1 to 0. In this process, the magnetic
field keeps unchanged, thus, the chemical potential of the
dot also keeps unchanged and the chemical potential of
the lead decreases. Schematic diagrams of the chemi-
cal potentials for this process is given in Fig. 5. Path3
meets two times with the boundaries and thus the elec-
tron transport occurs two times. The three typical path
can represent the revolution of the electron number in
(B, Vlead)-phase space.
The analysis above show that the number of electrons
in the dot can be modulated by adjusting combination
between the magnetic fields and the lead voltage. In
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FIG. 5: Schematic diagrams of the chemical potentials in the
dot and leads in the linear regime: displaying the process of
reducing the number of electrons in the dot from 2 to 1 and
then to 0. The electron transport is turned on at the point
µ(2) = µL(µR) and at the point µ(1) = µL(µR).
general, the electron number decreases as Vlead increases
and decreases as B becomes stronger. The equilibrium-
charge diagram provides the whole evolution of the elec-
tron number in (B, Vlead)-phase space. The result helps
to guide external magnetic field as a tool to modulate
the number of electrons with the aid of the voltage of the
leads. On the other hand, the result helps to avoid that
external magnetic field change unexpectedly the number
of electrons when the magnetic field is used for other
aims. Moreover, the electron transport must satisfy the
condition that the chemical potential of the dot is be-
tween µL and µR and all points on the boundaries be-
tween the domains satisfy this condition, so resonant con-
ductances can be found on the boundaries between the
domains. Thus, the equilibrium-charge diagram is a com-
pact tool to show clearly the condition of the electron
transport. The result helps to control the electron trans-
port by adjusting external magnetic field and helps to
use single quantum dot as a magnetic electron-transport
switch. The transport through the switch is turned on
when the point (B, Vlead) move to the boundaries, and
the transport is turned off when the point (B, Vlead) is
out of the boundaries.
V. CONCLUSION
Usually electron transport properties of quantum dots
is studied by adjusting gate voltages, which corresponds
to the ω0 in Eq. (5). In this paper, the chemical po-
tentials of the dot are modulated by means of adjusting
external magnetic fields, which corresponds to the A in
Eq. (5). The equilibrium-charge diagram of the dot is
obtained in the phase space determined by the magnetic
field and the lead voltage. The dependence of the number
of electrons on the magnetic fields and the lead voltage is
clear at a glance in the equilibrium-charge diagram. The
result shows external magnetic field can be used as a
tool to modulate the number of electrons of single quan-
tum dot with the aid of the voltage of the leads. On
the other hand, the result suggests that the number of
electron can be changed unexpectedly by external mag-
netic field. Moreover, the result shows that the electron
transport through the dot can be controlled by adjust-
ing the magnetic fields with the aid of the voltage of the
leads. The equilibrium-charge diagram is a compact tool
to show clearly the condition of the electron transport,
which helps to use single quantum dot as a magnetic
electron-transport switch.
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